In Australia, the process by which food energy factors are derived for food labelling purposes is under review. One of the questions of international relevance is whether energy factors should be derived using a definition of metabolisable energy (ME) or a definition of net (metabolisable) energy (NME), or some mixture of the two. ME describes the food energy available for heat production and body gains. NME deducts obligatory thermogenesis from ME in an attempt to reflect the food energy that can be converted to ATP energy within the body. Some countries use NME to derive energy factors for novel food ingredients such as sugar alcohols and polydextrose, but continue to use ME for protein, fat, carbohydrate, and alcohol. The present paper puts a case for using a consistent system (ME at the present time) for all food components. Reasons for this include: consistent application to all food components allows valid comparisons between products; food energy values and estimates of energy expenditure (food energy requirements) should be directly comparable; NME does not account for all sources of thermogenesis; differences between ME and NME for sugar alcohols and polydextrose are small in the context of the whole diet; and the ME system does not preclude information about metabolic efficiency being provided as additional information. Any major change to the way in which energy values are expressed (e.g. global adoption of the NME system) merits wide discussion among the human nutrition community. One aim of this present paper is to stimulate this discussion.
The energy value of foods is an important issue for consumers (who may be concerned about energy intakes for body weight management), for industry (for product development and labelling) and for the scientific community and health professionals (for educational, clinical and experimental applications).
In Australia, the process by which energy factors for food components are derived for food labelling purposes is under review (Australia and New Zealand Food Authority, 1999) . This was prompted by a lack of clear definition of how currently prescribed energy factors were derived, and lack of guidance for establishing factors for novel food components. The key questions posed were: (1) whether energy factors should be derived using a definition of metabolisable energy (ME) or net (metabolisable) energy (NME); and (2) whether energy factors should be derived in a consistent fashion for all food components. The answers to these questions have international relevance.
The consistent application of the ME system is contrary to the use by some countries of ME for conventional nutrients and NME for polyols and polydextrose, while the NME system is not consistently applied anywhere in the world. The present paper puts a case for using a consistent approach to derive energy factors for all food components, conventional and novel, and for using ME as the basis of derivation at the present time. The authors do not preclude the global adoption of the NME system at some time in the future but believe that considerable discussion about the ramifications of doing this is needed.
Terminology
It is generally accepted that food energy values should reflect the amount of`available' energy in foods, although opinions differ on the definition of availability. This is a key issue, as the argument for moving to NME (Livesey, 1991a (Livesey, , 1992 rests on a re-definition of what food energy should be available for. Fig. 1 sets out an overview of food energy utilisation in the body. This figure shows that some of the ingested energy is lost in faeces and urine, with small amounts lost in hair, skin, and other secretions (surface energy). Point 3 in Fig. 1 is the traditional definition of ME (Merrill & Watt, 1955) . It is now known that some of the energy that reaches the large intestine undergoes microbial fermentation with subsequent increase in microbial mass (British Nutrition Foundation, 1990; Livesey, 1992; Food and Agriculture Organization/World Health Organization, 1998 ). The 
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P. M. Warwick and J. Baines energy content of the microbial mass is lost as faecal matter, and is accounted for in faecal energy losses. Shortchain fatty acids liberated during the fermentation process are absorbed, providing a source of energy. Heat and combustible gases are also produced and represent energy lost to absorption. However, the heat of fermentation is not an energy loss to the whole body as man is a warm-blooded animal and heat produced contributes to thermoregulation. Point 4 in Fig. 1 reflects the ingested energy minus that lost in faeces, urine, surface and combustible gases, and has been called ME for the present paper. This definition of ME is similar to that of others (Schutz, 1984; Sentko, 1992 , cited in FASEB, 1994 and describes the amount of energy available for total (whole body) heat production and for body gains (tissue or milk synthesis, energy stores) (Allison & Senti, 1983 , cited in FASEB, 1994 . It includes energy available for heat of fermentation which is heat produced in the colon and therefore in the whole body. Some other definitions of ME have excluded energy available for heat of fermentation (Bernier & Pascal, 1990; FASEB, 1994) .
However, it is ATP produced during oxidation of organic substrates that is ultimately used for physical and metabolic work, and different substrates produce different amounts of ATP per kJ energy absorbed (Livesey, 1984; Flatt, 1985) . Some substrates are converted to ATP less efficiently than others, or require ATP to be used during obligatory metabolic processes, with consequent heat production. Whether this heat is`wasted' (Brown et al. 1993 ) depends on whether heat for thermoregulation is considered useful or not.
Heat produced during the processing of ingested nutrients contributes to the component of total daily energy expenditure called thermogenesis. Thermogenesis is defined as energy expenditure that cannot be attributed to basal metabolism or to physical activity. It is stimulated by food (dietary thermogenesis), cold, drugs and hormones. Dietary thermogenesis is usually considered in two parts, obligatory and facultative (Jequier, 1983; Ravussin & Swinburn, 1993) . Obligatory thermogenesis is the heat produced during obligatory metabolic processing of ingested nutrients, such as the storage of glucose as glycogen, fatty acids as triacylglycerol, and the catabolism of amino acids. Facultative thermogenesis is the heat produced over and above what would be expected from the obligatory processes, and is thought to be under hormonal control (Ravussin & Swinburn, 1993) .
Point 5 in Fig. 1 represents the food energy available to the body after the heat produced during fermentation and obligatory thermogenesis has been deducted from ME. This point has been variously called net energy (NE) (Livesey, 1991a; Brown et al. 1993) , NME (Livesey, 1993) , or NE for maintenance (Livesey, 1995a) . For the present paper it has been called NME and is taken to describe the amount of food energy that is biologically useful in ATP equivalents (G Livesey, unpublished, results) . However, this is not strictly true as NME does not deduct heat produced during facultative and other types of thermogenesis, which is food energy that is not available for ATP production.
Point 7 on Fig. 1 is the food energy available after heat losses from both obligatory and non-obligatory dietary thermogenesis have been deducted, as well as thermogenesis due to effects of cold, drugs (e.g. caffeine, smoking) or hormones. This point has been called NE for the present paper. This NE is a more valid estimate of the amount of energy available for ATP production than NME.
Energy factors for food labelling: best derived using metabolisable energy or net (metabolisable) energy?
The use of NME for food labelling is favoured by Livesey and his co-workers, and the topic has been widely reviewed (Livesey, 1990 (Livesey, , 1991a (Livesey, ,b, 1992 (Livesey, , 1993 (Livesey, , 1995b Brown et al. 1993; G Livesey, unpublished results) . It has long been known that dietary thermogenesis due to protein is higher than that due to fat and carbohydrate. Stoichiometric calculations show that about 20 % absorbed protein energy is used during the obligatory metabolic processes of urea synthesis and gluconeogenesis following the catabolism of amino acids (Livesey, 1984; Flatt, 1985) , suggesting that protein is an inefficient source of energy. Whole-body calorimetry has confirmed that total energy expenditure (and therefore food energy need) is higher with highprotein than with high-glucose diets (Dauncey & Bingham, 1983 ). Short-chain fatty acids produced by fermentation of carbohydrates and sugar alcohols in the large intestine are also an inefficient source of energy, as they generate about 15 % less ATP per kJ energy absorbed than from the direct oxidation of the same amount of energy absorbed as glucose (British Nutrition Foundation, 1990; Livesey, 1992 Livesey, , 1993 FASEB, 1994) .
Thus, foods or diets that are high in protein, fermentable carbohydrates or sugar alcohols could be considered less fattening' than foods or diets low in those components. In this case it would seem to make sense to reduce the energy values for these components accordingly. This is what is proposed by using the NME system (Livesey, 1991a) . However, while we agree that inefficiencies of energy metabolism are physiologically important and interesting, we do not agree that this information should be incorporated globally into energy factors used for food labelling and public education purposes at the present time. Reasons for this point of view are now outlined.
Reasons for point of view
Food energy values should be directly comparable with estimates of food energy expenditure (food energy requirements) and with values in food tables. The main aims of food labelling are to inform the consumer of the composition of food and to assist them in the selection of a healthy diet (Food and Agriculture Organization/World Health Organization, 1998). Providing daily benchmarks (e.g. guideline daily amounts) on food labels together with information on the quantity of nutrients in the food can help make nutrition information more accessible to consumers (Sadler, 1998) . We believe that the information most useful to consumers, and most easily used by industry and health professionals, is that which indicates how much food energy is available to the body in relation to food energy requirements, or dietary reference intakes for energy. This information should also be comparable with information in food composition tables. The food energy requirements of healthy people are currently defined as the level of ME in food that will balance energy expenditure plus additional needs for growth, pregnancy and lactation (Food and Agriculture Organization/World Health Organization/United Nations University, 1985; Warwick, 1990; National Health and Medical Research Council, 1991) . For most adults, estimates of energy requirements are derived from measures of energy expenditure and are expressed in terms equivalent to the ME at point 4 in Fig. 1 . We therefore consider that this definition is appropriate for the derivation of energy factors for food labelling purposes.
We recognise that estimates of energy requirements in most individuals are unlikely to be better than^10 %, and that, despite limitations of current methods for deriving energy values for foods and diets (Livesey, 1991b (Livesey, , 1995b ), the energy content of the diet can be estimated more accurately than energy requirements (G Livesey, unpublished results). However, the accuracy of food intake measurements limits the accuracy of calculated food energy intakes so that general energy conversion factors need not be as precise (Livesey, 1991a) . In addition, energy factors used for food labelling can never accurately reflect the energy available from foods consumed as part of whole diets, because of effects of dietary composition on the digestibility of (and therefore the availability of energy from) the various macronutrients (Steinhart et al. 1992; Livesey, 1995a,b; Baer et al. 1997; Brown et al. 1998) .
As a matter of principle, energy factors used for food labelling and other purposes should be compatible with the standards against which they are compared. Of course, it would be possible to revise both the data in food tables and the way in which dietary recommendations for energy are expressed to fit an NME system. However, any major change to the way in which energy values are expressed is of international concern, and has not been widely discussed. We question the value in adopting a global NME system in which theoretical amounts for obligatory thermogenesis would be deducted from both the energy values of foods and the estimate of energy expenditure from which recommendations for energy intake are derived, especially since energy expenditure is an experimentally measurable quantity.
Any system used should be consistent across foods and food components to allow valid inter-product comparisons. We believe that the system adopted to derive energy factors (whether ME or NME) should be applied consistently to all nutrients and food components, including novel compounds of the future. This is contrary to the current situation in some countries where NME is used for sugar alcohols and polydextrose but not for the conventional macronutrients (Van Es, 1991; FASEB, 1994) .
Livesey has argued that the NME system should also be adopted for unavailable carbohydrates (Livesey, 1992) and protein (Livesey, 1991a) , as the obligatory energy losses for these nutrients are significant. For example, the energy factors would be approximately 16´7 kJ ME/g or approximately 13´5 kJ NME/g for protein (British Nutrition Foundation, 1990) , approximately 12 kJ ME/g or approximately 10 kJ NME/g for fully-fermentable unavailable carbohydrates such as resistant starch (Livesey, 1991b) , and approximately 8 kJ ME/g or approximately 6´8 kJ NME/g for unavailable carbohydrates in a mixed Western diet (British Nutrition Foundation, 1990; Livesey, 1995b) . There has been no suggestion to date that NME should be used to derive factors for fats, alcohol, or the different types of available carbohydrate, even though some (albeit small) obligatory energy losses occur during the storage of glucose as glycogen and fatty acids as triacylglycerol (Livesey, 1984; Flatt, 1985) . There is also some evidence that different available carbohydrates have different thermic effects (Schwartz et al. 1992) , although it is not clear whether these differences are due to obligatory or to facultative processes. Alcohol energy may also be inefficiently utilised (Lieber, 1991; Stock, 1996) , although this is controversial (Prentice, 1996) .
If the NME system was consistently adopted for all nutrients and food components the ramifications for the human nutrition industry would be large because of the quantities of protein and unavailable carbohydrate consumed. For example, if 100 g protein, 50 g resistant starch and 20 g mixed NSP were consumed daily, the total energy intake would be approximately 450 kJ/d lower using NME than ME values, or a difference of about 6 % of an energy expenditure of 8000 kJ/d. For this scenario, energy intakes derived using NME factors would definitely not be comparable with current recommendations for energy intake (8000 kJ ME/d) and the latter would have to be revised to 7550 kJ NE/d for compatibility.
Another reason for applying a consistent approach across all nutrients and food components is to allow valid comparisons between products of mixed composition, especially in the future as more novel food ingredients are developed. In the scenario illustrated in Table 1 , consistent application of both ME and NME systems shows that product A contains slightly more energy than product ME, metabolisable energy; NME, net (metabolisable) energy. * Energy content calculated factorially using energy factors of: 17 kJ ME/g or 13´5 kJ NME/g for protein, 16 kJ ME and NME/g for sugars, 37 kJ ME and NME/kg for fats and 12 kJ ME/g or 10 kJ NME/g for the novel carbohydrate. ² Partial NME calculated by applying the NME factor to the novel carbohydrate and ME factors to the other components.
B. If NME factors are applied only to the (hypothetical but realistic) novel carbohydrate and not to the other nutrients, product A appears (incorrectly) to contain less energy than product B.
The net (metabolisable) energy system is incomplete as it deducts only obligatory and not other types of thermogenesis. If the aim of using NME is to depict the amount of ATP available for metabolic and physical work, we believe that all types of thermogenesis should be deducted and that NE should be used. However, other types of thermogenesis are too variable to quantify in the context of individual food energy values and it would be almost impossible to deduct them with any certainty. The efficiency of energy metabolism in the whole body is influenced by numerous factors, including the plane of nutrition (overfed or underfed), nutrient balance of the diet, smoking, caffeine and other drugs, hormones, environmental temperature and other factors (Garrow, 1978; Warwick, 1990; Ravussin & Swinburn, 1993) . In terms of the whole body, we question the distinction between NE and NME as it (incorrectly) implies a clear separation between obligatory and non-obligatory thermogenesis.
There are other ways of incorporating the concept of efficiency into the system without adjusting food energy values. We recognise that many people in Western countries are interested in knowing which food components or dietary patterns or lifestyle factors are least fattening, and have no doubt that such information is of scientific interest and importance. However, we believe that the concept of metabolic efficiency may be better handled`in a package' by health professionals or in educational material as part of the process of giving dietary or health advice, as is currently the case. For example, advice may be given that stopping smoking may reduce metabolic rate; that losing weight reduces food energy needs (for the same level of activity); that cold temperatures may increase metabolic rate; that some drugs can change metabolic rate; that energy from dietary protein is less fattening than the same amount of energy from carbohydrate or fat. The accounting of inefficiencies due to obligatory thermogenesis in a food label value singles out only one of a myriad of factors that affect metabolic efficiency in the whole body.
The metabolisable energy system is consistently used around the world, except for sugar alcohols and polydextrose, and the difference between metabolisable energy and net (metabolisable) energy for these components is small in the context of the whole diet. The use of ME for deriving food energy factors for food labelling purposes is consistent with current international agreements for the conventional macronutrients (Codex Alimentarius Commission, 1993) . There are no Codex factors for sugar alcohols and polydextrose at present. While committees in several countries have adopted NME factors for these compounds, there is no international agreement on the actual factors ascribed. For example, FASEB (1994) ascribed individual values to each sugar alcohol while the European Community adopted an average value of 10 kJ/g for all sugar alcohols (Van Es, 1991) . The difference between ME and NME for these fermentable compounds is also very small in the context of the whole diet. For sugar alcohols, the difference between ME and NME factors ranges from approximately 0´3 to 2´5 kJ/g (re-calculation of data from Livesey (1992) ), while for polydextrose the difference is approximately 1 kJ/g ME . NEX At the upper recommended intake of 20 g sugar alcohol daily (Van Es, 1991) , or with occasional intakes of polydextrose as high as 70 g/d (G Livesey, unpublished results) total energy intake would range from 6 to 70 kJ/d higher using ME than NME, a difference of less than 1 % of a total intake of 8000 kJ ME/d.
Overall, we conclude that whatever system is used to derive energy factors for sugar alcohols and polydextrose (ME or NME) the error is likely to be very small as a proportion of daily intake, and unlikely to be of importance to body weight.
Summary
In summary, we propose that energy factors for food labelling and other purposes be derived in a consistent fashion for all food components, conventional and novel. For the present time we propose that these energy factors be derived using the definition of ME listed at point 4 on Fig. 1, i .e. the amount of energy available for whole-body heat production and for body gains. We recognise that the future may (or may not) hold a global move toward adoption of NME for all food components, but this has not yet been widely discussed.
